This study was conducted to determine the anti-angiogenic effects of different concentrations of mimosine, flavonoids, tannins, etc. from aqueous root extract (ARE) of Mimosa pudica L. (Fabaceae) on the chorioallantoic membrane (CAM) of developing duck embryo. The extraction method was done by air-drying, grounding and decoction. The AREs of M. pudica were prepared at different concentrations (10%, 20% and 30%. These were administered on the CAM of the 10-day old duck embryos. After 48 h upon administration of the extracts, the secondary branching points on the CAM are counted and compared with the control groups and with each of the experimental groups. The results reveal that AREs of M. pudica inhibited anti-angiogenesis. Results show that 10%, 20% and 30% concentrations have significantly yielded anti-angiogenic results. There is a significant difference between all the control groups and the experimental groups indicating that as the concentration increases, the branching point of the embryos decreases. This suggests the potential use of the M. pudica root extract for further studies on abnormal angiogenesis and evasion of apoptosis as hallmarks in cancer treatment.
Introduction
Angiogenesis is the process of developing new blood vessels and controlled by certain chemicals produced in the body [1] . It is critically important during the normal development of the embryo and fetus. The formation of new vasculature from the already existing blood vessels is a characteristic phenomenon in numerous diseases such as tumor formation, rheumatoid arthritis, diabetic retinopathy and psoriasis [2, 3] . During cancer progression, the newly formed tumorassociated blood vessels serve first as nurturing tubes for a growing tumor and next, as conduits for dissemination of tumor cells that escaped from an established primary tumor. Therefore, control of tumor angiogenesis has become a central issue in the fight against cancer progression since anti-cancer therapy could be ineffective once tumor cells reach favored secondary organs and generate metastatic foci.
Abnormal angiogenesis and evasion of apoptosis are the hallmarks of cancer [4] . Accordingly, anti-angiogenic and proapoptotic therapies are effective strategies for cancer treatment. Medicinal plants such as Eugenia jambolana (Myrtaceae), Musa paradisiaca L. (Musaceae) and Coccinia indica Wight & Arn. (Cucurbitaceae) have been investigated recently for their anti-cancer potential [4] . This indicates wider latitudes for studying other medicinal plants such as the genus Mimosa (Fabaceae), thus this study.
In order to analyze the mechanisms underlying normal and pathological angiogenesis, numerous in vivo angiogenic assays have been established employing different species of laboratory animals, including mammals [mouse, rat, hamster, and rabbit), birds (chicken and quail), and fish (mainly zebra fish) [5] Drug development for the treatment of angiogenesis-related diseases has been a continuous pursuit. In vivo and in vitro researches conducted on natural products as potential source of novel drugs to treat several human diseases indicated promising results [4, 6, 7, 8] . Among the in vivo models, the chick embryo chorioallantoic membrane (CAM) has been used to implant several tumor types as well as malignant cell lines to study their growth rate, angiogenic potential and metastatic capability [9] .
Studies on M. pudica
Recent studies include that on adverse effects of tannin contained in M. pudica L root extract [10] ; on assisted green synthesis and photoluminescence studies [11] ; on use flower extract in the synthesis of highly stable gold nanoparticles (AuNPs) [12] ; and wound healing potential of the ethanol extract of the whole M. pudica L. [13] . Karthikeyan & Chandran [14] investigated the pharmacognostic and phytochemical aspects on the extractive values for detecting adulteration; while the study of Mahadevan et al. [15] demonstrated the neuroprotective effects of M. pudica L. on against MPTP induced Parkinsonism in mice model. Previous works on the use of the root part of the plant as the angiogenesis inhibitor was based on the phytochemical tests indicating the presence of phytochemical compounds [16] and the study of Ranjan, Kumar, Seethalakshmi, & Rao [17] . It was proposed that several CAM angiogenic assays have been introduced since almost a century ago when rat Jensen sarcoma cells, implanted into the CAM on Day 6 of incubation, were demonstrated to develop large tumors showing signs of tumor-induced angiogenesis. The chick embryo's chorioallantois is formed between days 4 and 5 of development, when the outer mesodermal layer of the allantois fuses with the mesodermal lining of the chorion, and a network of blood vessels is gradually formed between the two layers. The central portion of the CAM is fully developed by Day 8 to 10 at which time it becomes capable of sustaining tissue grafts, while the outskirts of the CAM are still developing and expanding until the CAM fully envelopes the embryo at Day 12 of incubation. Histologically, the CAM consists of three germ layers, that is, ectoderm, mesoderm, and endoderm. M. pudica L. contains mimosine, which is a toxic alkaloid. Adrenalin like substance has been identified in the extract of its leaves. M. pudica L. is known to possess sedative, emetic and tonic properties, and has been used traditionally in the treatment of various ailments including alopecia, diarrhea, dysentery, insomnia, tumor, and variou urogenital infections [18] .
In 1971, Folkman proposed a hypothesis that tumor growth is angiogenesis-dependent. In that report, Folkman showed preliminary evidence that tumors could not enlarge beyond mm diameters without recruiting new capillary blood vessels (micro vessels). Such hypothesis stated that tumors secreted a diffusible substance that could stimulate endothelial cell proliferation in host capillary blood vessels. Folkman also introduced the concept of "anti-angiogenesis" as a potential novel anticancer therapy. Folkman followed his 1971 hypothesis with supporting evidence indicating that tumors secreted diffusible endothelial mitogens in vivo, which could induce angiogenesis in neighbouring micro vessels. He and his colleagues then showed that tumor growth could be inhibited by blocking angiogenesis, and they proved that diffusible angiogenesis inhibitory factors existed [19] .
The weed plant "dormido" (in Catanduanes dialect), M. pudica L. is a small or middle-sized tree, about 1.5 m tall cultivated throughout India and are found in ubiquitous areas of the island province of Catanduanes as weed population [20] . All parts of the tree are considered to possess medicinal properties and used in the treatment of wounds [13] bleeding, piles, diarrhea [11] biliousness, leprosy, dysentery, vaginal and uterine complaints [21] , inflammations, burning sensation, fatigue, asthma, leukoderma, blood diseases [18] .
Therefore, present study has been conducted to find out the anti-angiogenic potentials of the aquaeus root extracts (ARE) of "dormido", M. pudica L. (Fabaceae) on the chorioallantoic membrane of developing duck embryo. Further, the study determined the anti-angiogenic properties of M. pudica L. aqueous root extract on the vascularization and proliferation of embryonic blood vessels using 10 -day old duck embryos. Specifically, the study described the different gross morphological characteristics on the CAM of 10-day old duck embryos treated with ARE of M. pudica L. in terms of its blood vessel proliferation. Significant differences in the effects of concentrations of ARE of M. pudica L. in the assays used and concentrations of ARE of M. pudica L. used in the CAM of 10-day old duck embryo.
Material and methods

Design of the study
A Complete Block Design is used to assess the potential angiogenesis inhibiting property of the selected plant using the Chorioallantoic Membrane (CAM) Assay. The medicinal plant used in the study M. pudica L. The experiment used three treatments and three replicates having three fertilized duck eggs per treatments that was analysed [22] .
Collection and preparation of plant sample
Fresh M. pudica L. were collected from Pangilao and Katipunan, San Miguel Catanduanes. Mature root samples were obtained from the plant and washed with tap running water. The root portion of the plant was brushed and cleaned to remove the mud and soil. The roots, specifically the main root of the plant was then cut off from the main plant itself. It was then washed again for 3 times. Distilled water is used in cleaning the roots. The roots were then placed on a tray and air-dried for approximately 3 weeks and/or dried in the oven with at 46 0 C. Following Balick & Weil [23] , with the use of a sterile blender, roots were grounded into coarse powder and placed in an air-tight container.
Preparation of root extract
The decoction method of extraction was used in this study. A total of 20 g of coarse powder of dried roots of M. pudica L. was then decocted in 80 ml of water (1:4 ratio) and boiled until reduced to one-fourth (20 ml) of the total quantity. This process was repeated until 100 ml of the extract is obtained [24] . The extracts of M. pudica L. roots were filtered using Whatman No. 1 filter paper and stored in sterile, air tight containers. These extracts were then diluted with distilled water into different concentrations. The treatment group will be as follows: [25] , the eggs were cleaned with 70% Ethyl alcohol and placed in an incubator at a constant temperature of 37 C for 2 days and extended until on the 10th day prior to the experiment.
Egg Candling
Egg candling was done on the 9th day of incubation with an improvised egg chamber. This method was performed in order to determine if the eggs were fertilized. An egg is confirmed fertilized if a tiny speck on the yolk called the germ spot is present during egg candling. This step is also necessary to ensure that the windowing be performed exactly at the top of the embryo.
Chorioallantoic membrane assay
The test specimens were divided into five treatment groups: one group for the negative control, one group for the positive control and three groups for the crude aqueous root [26] . The incubated eggs were disinfected with 70% ethyl alcohol. Using a modified egg windowing technique, a 1x1 cm hole is made to expose the CAM to direct access for experimental manipulation. Using sterile 1cc syringe, 0.2 ml of the concentrations was administered on each of the experimental specimens. The inoculated site of the treated eggs was sealed with micropore tape and incubated at 37 C for 2 (two) days. Day 10 is the subject for experimental treatment because between Day 8 and Day 10, the developing CAM vasculature is ready to sprout in response to additional proangiogenic stimuli, and in turn, is very responsive to angiogenic factors.
Evaluation of blood vessel formation of the CAM
After 48 days of administration, each of the test eggs was removed from the incubator and the vascularization of the CAM was examined and determined. The CAM is harvested by removing the shell of the egg and extracting it from the embryo. The CAMs were photographed using a high-definition camera. The number of small blood vessels are recorded by counting the number of branch points per blood vessel. The number of branch points per blood vessel are then compared with the other concentrations [1, 27, 28 ].
Statistical Analysis
The data gathered are then subjected under One-way ANOVA to determine the significant differences between the treatments. Significant differences among the treatments and concentrations were determined through pair-wise comparison. All statistical analyses were done at 5% probability level [25] .
Results and discussion
Gross morphological observation of CAM
A total of 15 eggs, 3 eggs per treatment, was used in the study. The aqueous root extract of M. pudica L. extracted via decoction were administered to each of the test eggs on its 10 th day of incubation period. Two days after the administration of the aqueous extract, collaterals or branch points were photographed using a high definition camera. Each of the CAMs blood vessel density were counted and tabulated to determine the angiogenic effects of the different concentrations.
Figure 1
Counting number of branches in the blood vessels from a primary blood vessel (black arrow, vessels that branch from it, the secondary blood vessels (white arrow.
The anti-angiogenic property was apparent for the duck embryos treated with various concentration if M. pudica aqueous extract with the embryos treated with highest dose showing the least developed blood vessels which is the 30% concentration. This ability of the extract to inhibit blood vessel formation shows significance in cancer therapy. Disruption of tumor vasculature through anti-angiogenic treatments would provide a means to starve tumors of their blood supply and nutrient supply which eventually inhibits the spread of cancerous growth [29, 30] . 
Effects of M. pudica L. aqueous extracts on the angiogenesis of CAM of 10-day old duck embryo
A total of 15 test eggs, 3 eggs per treatment were used in the study. The ARE of M. pudica L. was administered to each test of the test eggs on the 10th day of incubation period. Two days after the administration of crude extracts, secondary collaterals or branch points from the treated areas of CAM were counted and recorded to determine its anti-angiogenic effects. Results of study revealed that AREs of M. pudica L. caused reduction in the formation and growth of blood vessels showed that the aqueous extracts of M. pudica L. caused a decrease in the formation of growth of blood vessels (see Table 1 ). 
Significant differences in the anti-angiogenic effects of different concentrations of ARE of M. pudica on the CAM of a 10-day old duck embryo
The decrease in the angiogenesis on the CAM of the test embryos in different experimental treatments clearly indicates that the aqueous extract of M. pudica L. was an angiogenesis inhibitor. As the concentration of the aqueous extract increases, the number of branch points formed decreases. Results showed that all comparisons showed significant mean differences. The varying concentrations (10%, 20%, and 30%) with the negative and positive groups are effective angiogenesis inhibitors. It revealed that the observed F-value (16.98) is greater than the critical value (3.29) at 0.05 level of significance. Hence, there is a significant difference on the angiogenesis of the CAM of the different experimental treatments. The null hypothesis is therefore rejected.
Angiogenesis is an important process in the body both during normal and pathological conditions. The growth and spread of cancer cells especially require the process of formation of blood vessels. Scientific endeavors focused on angiogenesis in tumors resulted in the discovery of new venues for the treatment of cancer patients [4, 29] . Angiogenesis is the growth of neo-vessels from existing vasculature. Usually, angiogenesis is tightly controlled by a balance of angiogenesis factors and inhibitors, and occurs only in embryonic development, and wound healing. To date, the stimulation of angiogenesis using angiogenesis peptides has produced encouraging clinical results in treating coronary artery diseases. Blocking angiogenesis with antibodies of angiogenesis factors or with enzyme inhibitors is effective for treating malignancy but there is room for improvement. Further relevance is the fact that some of the plant-derived anticancer drugs are plant derived [31] .
In the present study, the anti-angiogenic potential of M. pudica L. aqueous extract (MPAE) was tested by introducing different concentrations (10%, 20%, and 30%) using CAM assay. The anti-angiogenic effect on the CAM is quantified by the number of branch points in the blood vessels. Blood vessels were categorized as primary, secondary and tertiary.
The primary blood vessels were designated to the thickest blood vessels; secondary blood vessels are the blood vessels branching from the primary blood vessels while tertiary blood vessels are the vessels sprouting from the secondary blood vessels. Branch points or collaterals were counted manually [27, 1] . The effect of ARE of M. pudica L. exhibited anti-angiogenic property due to the significant reduction on the number of branch points. There is significant difference in the different concentrations used in the test embryos.
Conclusion
General morphological analysis of the CAM of the embryos on each experimental group revealed that there is a varying difference between the blood vessels proliferation of the different experimental groups. The varying concentrations (10%, 20% and 30%) of ARE of M. pudica L. showed reduction in both blood vessel formation and branching complexity. There is significance difference between the concentrations, thus, the null hypothesis was rejected. In order to confirm further and accept convincing claim on the effect of ARE of M. pudica L. extraction on the extraembryonic blood vessel of duck embryos, it is recommended that similar study will be conducted using different solvent extraction such as methanol, ethanol, hexane, etc. A toxicity study may be conducted to establish the lethal dose of the experimental substance. Finally, the potential use of the ARE of M. pudica L. for further studies on abnormal angiogenesis and evasion of apoptosis as hallmarks in cancer treatment is clearly recognized for future inquiries.
